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TTTIiB OF " ! " P! ' R IMVy WTIOWt 

LUMINESCENT ORGANIC MATERIAL FOR LIGHT -EMIT TING DEVICES 



The preset invention relates to a luminescent 
organic material for light-emitting devices, in 
particular, organic LEDs - 

•naf yttBOTMD ™* TTflVENTIQN 

The luminescent organic materials, such as PPV and 
Alq3, currently used for making thin films in light- 
emitting devices, such as light-emitting diodes or LEDs, 
have numerous drawbacks , 

These are normally solved by encapsulating the 
materials ■ and inserting metal contacts embedded in the 
15 films. 

Moreover, the quantum efficiency and emission 
wavelength tunability of known materials are poor. 

Research is therefore being conducted into 
materials enabling organic LEDs to be made entirely of 

20 plastic material. 

giTMMapy nv THE TNVENTION 

It is therefore an object of the present invention 
to provide light-emitting devices, in particular, LEDs, 
designed to eliminate the aforementioned drawbacks, and 
25 which, in particular, make encapsulation and the 
insertion of metal contacts superfluous, enable LEDs to 
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be made of organic material and using the same class of 
material for all the emission wavelengths in the visible 
spectrum, are more reliable, and are easier to produce. 

According to the present invention, there is 
provided a luminescent material for light^emitting 
devices, comprising at least one thienyl-S, S-dioxide 
unit . 

wtct r>F.SCTRIP TTmJ OF THE DRA.WINQ 

The present invention is described in detail below, 
with reference also to the accompanying drawing showing 
a view in perspective of an organic LED in accordance 
with the present invention. 

Number 1 in 'Figure 1 indicates as a whole an 
organic LED comprising a support 2, for instance a 
plastic foil, a film 3 on a side of the support 2 and 
respective power supplying elements; the film 3 is made 
of a material containing at least one thienyl-S, S- 
dioxide unit and directly incorporates the elements 3, 
without the necessity of contacting and welding; if the 
film 3 is self-supporting, the support 2 may be avoided. 

It is well known that tiophene based materials may 
be selectively oxidised at the thienyl sulfurs to the 
corresponding thiophene-S, s-dicxides by reactions 
already described in the literature and therefore not 
reported in details* 
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Thiophene-based molecules can be properly 
engineered by controlling the of the chain and by 

inserting some functional groups, in order to tune the 
HOMO-LUMO gap from the blue to the red, resulting in the 
unprecedented^ wide tunability of the emitted light. 

It has been surprisingly found that 1 thienyl-S, S- 
dioxide based materials have an high quantum efficiency 
and also the following properties: wide spectral 
tunability, no degradation in time (thus avoiding the 
requirement of encapsulation) , completely plastic device 
(no metal contacts) suitable for technologies over 

plastic substrates. 

Thienyl-S, S-dioxide materials-may therefore be used 
in thin films useful in organic light emitters. 

Thienyl-S, S-dioxide materials show the highest 
photoluminesce efficiency ever measured for thiophene 
based materials in the solid state. The obtained values 
(mainly > 37%) are even higher than that of the organic 
luminescent materials which are currently under 
investigation for application in organic 

electroluminescent devices. 

Main features of the thienyl-S, S-dioxide materials 
according to the present invention are the 
functionalization of the thienyl sulfur with oxygen 
atoms (in order to modify the HOMO and LUMO energies and 
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to facilitate charge injection), which is carried out 
s.ch as the serial comprises at least one thiophene 
ring in the a position of the ring of said thienyl-S, S- 
dioxide and grafting some alkyl substituents in the 0 
position of the ring of said thienyl-S, S-^dioxide to 
prevent the formation of planar or partly planar 
structures (in order to avoid *,« stacking), leading to 
unprecedently efficient photoluminescence . 

The insertion of one non-aromatic thienyl-S, S- 
dioxide unit within the skeleton of an oligothiophene 
does not modify the character of the frontier 

orbitals but decreases their energy and that of the LUMO 
more than that of the HOMO. - 

The oligomers containing a thienyl-S, 5-dioxide 
moiety are characterized by much greater electron 
affinities and slightly higher oxidation potentials than 
their 'fully aromatic' counterparts. This results in a 
substantial enhancement of the electron injection 
capability of the compound, with strong impact on the 
electrical performance of the device. 

Furthermore, the oxygen atoms modify the self 
organization properties of the molecules in the solid 
state. indeed, the molecular packing of these new 
molecules is characterized by the presence of a number 
of - extremely short van der Waals separations, all 
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involving the oxygen at**.. *** P^ 1 ^ molecular 
pacing causes a strong enhancement of the quanta 
efficiency of the thiophene solid films. 

in conclusion, thienyl-S, S-dioxide based materials 
5 allow to achieve all the modifications needed to 
optimize the electronic properties and the solid state 
morphology of thiophenes required for LED applications. 

The advantages of the luminescent material 
according to the present invention will be clear from 
10 the foregoing description. 

in this way one can envisage the application of a 
new generation of solid state thiophene films for high- 
efficiency, colour-tunable LEDs operating with reduced 
currents and without relevant problems of chemical 

15 stability. 

in particular, the luminescent material used in the 
organic LED according to the present invention provides 
for wide tunability of the energy emitted, from blue to 
infrared, and high quantum efficiency. 
20 Moreover, functionalizing the sulfur in the 

thiophene ring with oxygen atoms provides for increasing 
the electron affinity of the molecule to ensure improved 
electron injection; increasing ionization potential to 
make the molecule more stable with respect to water and 
25 oxygen; modulating HOMO and LUMO energies and the HOMO- 
LUMO energy gap by appropriately alternating modified 
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and non modified thiopehene rings. 

Moreover, inserting a thiophene ring functional!*^ 
with oxygen atoms in oligothiophenes of appropriate 
length and symmetry provides for maintaining or 
5 increasing intrinsic quantum efficiency and for 
modulating the wavelength of the emitted light. 

Finally, functionalizing modified 

oligothiophenes by insertion of appropriate alkyl 
substituents prevents w-* stacking and the formation of 
10 planar or partly planar structures in the oli go thiophene 
films. 

The invention will now be described with reference 
■ to examples, however, it should be observed that several 
modifications obvious for the specialist are possible 
15 within the framework of the idea of the invention. 

Example 1 

Comparative table 
20 In table 1 the properties are compared of known 
luminescent materials for LEDs and of the new materials 
according to the present invention. 

TABLE 1 



25 
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Thiophenes 



Quantum 



E lect:±c*l Pegxadatior) Process^ 



ppv 



Low 



High 



Good 



Low 



No 



Easy 



Yes 



High 



Low 



Encapsulation 
4- contacts 



runafciiity 



Yes 



VJeak 



weak 



Encapsulation 
+ contacts 



No 



Example 2 

» t*l. 2 «e rented 
f l»or..e«c. ir ^cie S an* efficiency °* 
ol i g otni 0 p h e»e-S.S-aioxi4es w h icn ^ been obta.ned 
acwtto , to the . present invention, operating xn 

necessary chemical reactions, 
conventional manner the necessary 

which are accordxngly not reported. 



10 TABLE 2 
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Sample Molecular Structure T|(%) 
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wherein Me - methyl; Hex = n-hexyl; Np - neo-pentyl; 
Ph - -phenyl; Ph-Ph = p-biphenyf . 
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CLAIMS 

A luminescent organic material for light- 
ening devices, characterized by comprising at least 
5 one thienyl-S,S-dioxide unit. 

2) A luminescent organic material as claimed in 
Claim 1, characterized by comprising at least one 
thiophene ring in the a position of the ring of said 
thienyl-S , S-dioxide . 
10 3) A luminescent organic material as claimed in 

Claim 2, characterized by having at least, one alkyl or 
aryl substituent in the P position of the ring of said 
thienyl-S, S-dioxide. 

4) "A luminescent organic material as claimed in 
15 Claim 3, characterized in that said alKyl substituents 
are of such a form as to prevent stacking and the 

formation of planar or partly planar structures, 

5/ A luminescent organic material for light- 
emitting devices, characterized by comprising at least 
2 0 one substance selected from the group consisting of : 



Me Hex Hex Me 




Me 



O 0 



Me 



Pn 



Ph Ph 
o o 




25 



Me Me 

o o 



Ph Ph 

O D 
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Wte Mb 




Np Np Np Np 
Np 0 0 Np 



Hex He* 



s 

o o 



10 



Hex Hex 

— 

o o 



Me. Me 




o o 



15 



T Hex Hex 



Hex Hex 



o o 



Np Np 

A, 

o o 



wherein Me = methyl; Hex = n-hexyl; Np = neo-pentyl; PH 
= phenyl; Ph-Ph = p-biphenyl 

6) Use Of a luminescent material as claimed in 

20 Claim 1 in contacts. 

7) Use of a luminescent material as claimed in 

Claim 1 in organic LEDs. 

8/ A light-emitting diode comprising a luminescent 
material, characterized in that said luminescent 
25 material comprises at least a thienyl-S, S-dioxide . 
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ABSTRACT 



10 



A luminescent organic material for light-emitting 
devices, in particular, for organic LEDs, having at 
least one thienyl-S, S-dioxide unit obtained by 
fictionalizing the " sulfur of a \ thiophene ring, 
inserting a thiophene ring functionalized -with oxygen 
atoms in oligothiophenes of appropriate length and 
symmetry provides for maintaining or increasing 
intrinsic quantum efficiency and for modulating the 
wavelength of the emitted light. 
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Delation and Po^Tof Attorney For Patent Application 
Modulo di Dichiarazione Per Domanda di Brevetto 

Italian Language Declaration 



lo, sottoscritto inventore, dichiaro con \) presente che: 

II rn»o domicilii?, recapito postaie e cittadinanza sono 
quelli indicati "in calce accanto al mio nome, 

Che mi reputo in buona fede essere 1'inventore 
originario, primo e unico (qualora un solo 
nominative appaia elencato appresso) 0 if 
coinventore (qualora i nominativi siano piu di uno) 
primo e originario deWmvenzione da me rivendicata, 
e per la quale faccio domanda di brevetto. Tale 
invenzione 6 chiamata 



As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship 
are as stated below next to my name, 

I believe \ am the original, first and sole inventor 
(if only one name is listed below) or an original, 
first and joint inventor (if plural names are listed 
below) of the subject matter which is claimed and 
for which a patent is sought on the invention 
entitled 

"LUMINESCENT ORGANIC MATERIAL FOR 



LIGHT-EMITTING DEVICE^ 



e la sua descrizione e: 



the specification of which 



□ qui acciusa. 

□ E'stata presentata il 



Come Domanda IMumero 
ed e'stata rettificata il 



as 



(se applicabile) 



10 is attached hereto 
□ was filed on 



as Application No. 



and was amended on 



(if applicable) 



Dichiaro inoitre con il presente di aver letto e 
compreso il contenuto della specificazione sopra 
indicata, comprese le rivendicazioni, come rettificata 
da qualsiasi emendamento a cuij si sia accennato 
sopra. 



I hereby state that I have reviewed and 
understand the contents of the aboveHdentified 
specification, including the claims, as amended by 
any amendment referred to above. 



Riconosco il mio dovere di rivelare informazioni che 
costituiscano materiale per I'esame della presente 
domanda secondo i termini del Titolo 37, CDdice dei 
Regoiamenti Federal!, Comma 1, 56(a). 



\ acknowledge the duty to disclose information 
which is material to the patentability and 
examination of this application in accordance with 
Title 37, Code of Federal Regulations, §1. 56(a). 
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Con il presente rivendico i benefici di P r ^ B ' 
restero come stabilito da! Titolo 36, , ^* c « *3 
Stati Uniti, Comma 119, per qualsiasi *mand» * 
brevetto (o brevettiJ straniera o per QMlwsi 
certificate d' invenzione sotto elencato, ed ho anche 
elencato qui sotto tutte le domande di brevetto e 
certificati d'invenzione ^n.en aventi una data di 
presentazione anteriore a quella della domanda per la 
quale si rivendica la precedent: 



Prior foreign applications 
Domande dall'estero precedent! 



I hereby claim foreign priority benefits under Title 
35 uiStwf States Code, §119, of any foreign 
S^totSJw for Patent or Inventor^ «rtrf»cate 
Sited below and have also identified below any 
fSeign application for patent or invento s 
certificate having a filing date before that of the 
application on which priority is claimed; 



Priority claimed 
Priorita Rivendicata 



BA99A0OOO1O 

(Number) 
(Numero) 



1 Number} 
(Numero) 



(Number) 
•(Numero) 



Italy 



01*04.1999 



TCountryT 
(Paese) 



IDeyi Month/Year Piiea) , ^ x . , 
iGlorrwTMMS da Anno di Presentazione) 



(Country) 
(Psese) 



Pay/Month/ YeBr PiiedT 
Giomo h * J " A 



Mese de Anno di Presentazione) 



(Country) 
(Paese) 



{GforTO?Meie e de Anno di Presentazione) 



(Number) 
(Numero) 



. untry) 
Paese) 



(Day/Month/ Year 
(Giorno, Mese de 



Filed) 

Anno di Presentazione) 



0 

Yes 
Si 



□ 

Yes 
5i 



□ 

Yee 

Si 



O 

Yes 

Si 



□ 

No 

NO 



□ 

No 
No 



□ 

No 
No 



□ 

No 
No 



Con il presente rivendico il beneficio previsto dal 
Titolo 35, Codice degli Stati Uniti, Comma 120, 
per qualsiasi domanda (o domande) de brevetto 
sotto tndicata, ed entro i Hmiti nei quali il matenale 
indicato in ciascuna delle domande di brevetto non 
e'stato rivelato neiia precedente domanda di 
brevetto americana nel modo previsto dal primp 
paragrafo del titolo 35, Codice degli Stati Unm, 
Comma 112, riconosco il mio dovere di rivelare il 
materiale d'informazione, cosi' come viene defmito 
nel Titolo 37, Codice dei Regolamenti Federah, 
Comma 1 r 56(a), che possa essere venuto ad 
aggiungersi nel period© intercorso tra ia data d» 
presentazione della domanda precedente e la data 
nazionale o international PCT di presentazione dt 
questa domanda: 



I hereby claim the benefit under Title 35, United 
States Code, 5120, of any United States 
application(s) listed below and, insofar as the 
subject matter of each of the claims of this 
application is not disclosed in the prior United 
States application in the manner provided by the 
first paragraph of Title 35, United States Code, 
5112, I acknowledge the duty to disclose materia 
information as defined in Title 37, Code of Federal 
Regulations, 51.56(a), which occurred between the 
filing date of the prior application and the national 
or PCT international filing date of this application: 



(Application Serial no.) 
(Numero di $erie della 
Domanda di Brevetto) 



tHimg uaxe; 
(Data di 
presentazione) 



(SStato Cjiuriaico) 
(Brevetto, In attesa 
di Brevetto, Abbandonato) 



(Status) 
(patented, pending, 
aterdonBd) 



(Application Serial No.) 
(Numero di serie della 
Domanda di Brevetto) 



(Hling utetel 

(Data di 
presentazione) 



Dichiaro inoltre con il presente che tutte le 
informazioni da me fornite sono in fede mia vere, e 
che tutte le affermazioni da me fatte sono m fede 
mia vere; dichiaro inoltre che quando ho fatto 
queste affermazioni ero al corrente del fatto che 
false dichiarazioni fatte intenzionalmente sono 
punibili con multa o incarcerazione, o ambedue, 
second© quanto stabilito dalla sezione 1001 del 
Titolo 18 del Codice degli Stati Uniti, e che tan 
informazioni intenzionalmente false possono 
mettere a repentaglio la validita' della domanda o 
brevetto rilasciata in base ad esse. 



(StatcTGiuridtcoj 

(Brevcttato, In attesa 
di Brevetto, Abbandonato) 



(Status; 
(patented, pending, 
abandoned) 



I hereby declare that all statements made herein of 
rny own knowledge are true and that all statements 
made on information and belief are believed to be 
true; and further that these statements were made 
with the knowledge that willful false statements 
and the like so made are punishable by fine or 
imprisonment, or both, under Section 1 001 of Trtfe 
18 of the- United States Code and that such willful 
false statements may jeopardize the validity of the 
application or any patent issued thereon. 
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PROCUBA: lo, sottoscritto inventore, nomino 
con la presente it seguente Procuratore {o 
Procurator!) o Agente (Agenti) che s'mcanca di 
perseguire questa pratica e di portare a term,ne 
tutte le operazioni necessane all Ufticio Brevetti 
e all'Ufficio Merchi di Fabbrica pertinemi a 
questa practice. (Elencare il Nome e il Numero 
di Matricola): 



POWER OF ATTORNEY: As a named inventor. I 
hereby appoint the following attorneyls) and/or 
agentts) to prosecute this applicatpon and transact 
in business in the Patent and Trademark Ofhce 
connected therewith {fist name and registration 
number) 



Michael L. TOMPKINS, Registration ^?^^ LP^l^E^ jam^^f^C^W^OT? BU^s^^ 34,193; Ms D. HANSEN, 
No. 33,374; Todd P. BLAKELY, Relation No. 3U28, 3 ^%^ n J. 0 ^^2' FSC^A^ Registration No. 35,51 1; Gary J. 
Region No. 35,536; Joseph B- ^Y^¥^JSSS55^ J^Jl^y^« 0 S^a^. rTfOTTWJMUS, Registration No. 36.245; 
CONNELL, Registration No. 32,020; David F. ^p^ Y > ^Hf™ ,± 3^39* SSSm W SWARTZ, Registration No. 

Ross E. BREYFOGLE, Registration No. 36 759; M JL SNTOER, *5££*£ ^ Robot R BRUNEI Astration No. 
37,739; John C. SCOTT, Registration No. 38,613; Bruce A. KUQLb!< ? Kegisuauon inc. ^ , 
P-39,617; and Jeffrey A. DIVNEX Registration Mo. P-39,659 



.Recapito per Is Corrispondenza: 



Send Correspondence to: 

SHERIDAN ROSS FX, 

1700 Lincoln Street - 3500 Siiitc 
DENVER, COLORADO SQ203 



Telefonare a: (Nome e Numero) 



Direct Telephone Calls to: {name and telephone number) 
_nty\} R63 9700 . 



Nome Complete deirinventoro priroo e unico 



Firms deirinvemore 



Data 



Re3io*enza 



Cittadihanz;a 



Full name of sole or first inventor 
Glovanna BAHBABELLA 



Inventor's signature 



Pate 

March 22, 2000 



PecepUo o Casella Postal c 



NomB complato del secondo cotnventore applicable 



Firms del seoondo inventore 



Deta 



Citizenship 



M Office Address O/O CNK -l.CO.C.E.A. 



FuJJ name of second joint inventor, 
Laura FAVARETTO 



r, if any ^ 



Date 



Second Inventor's signature — 

- ^U^tX^ ^^CVuL4-g ^ch 22 > 200 0 



Residenza 



CittadinanzB 



Recspito p Ceeella PosteU 



Citizenship 



(Si prega di fornire stesse informazioni e firme di 
eventual! terzi e pUT coinventori.* 



Post Office Address c/o CNK - I.CO.C«E»&» 

^fl >f &qAsP*JW (Italy) 

(Supply similar information and signature tor third ana 



subsequent joint inventors.) 
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Home completo d*I ttrzo. coinventore sb applicable 



Firms del terzo inventors 



Resldenza 



Data 



Cittedinanza 



Recapito 9 Case Ha Postal e 



Nome completo dsl quarto coin vent ore applicable 



Firm e del quarto inventore 



Data 



Recidenza 



Cittedinsnza 



Recapito o Cased a Postal a 



Nome completo del quinto coinventore se applicabile 



Full name of third joint inventor, rf any 

Massimo Z4MBIWCHI 

Third Inventor's signature 



Date 

March 22, 2000 



Residence 
c 



7o Tfo(&r~ C/l/Y^ - Bologna (Italyj_ 
Citizenship fftfofaj 



Poet Office Address c/o CNR 'j*' 0 ?' 0 }^^^ 



Full name of fourth Joint inventor r 'rf any 
Roberto CIRG^Nl 



Fourth Inventor's signature 



Date 

March 22, 2000 



Residency q 0 Ml vTK^' 1 ^ ^ {£CC& - LECCE (Italy) 



Citizenship (XflrUft?J , 
Post Office Address 
}2U>C L^CCc?" C 'TAW ) 



Full name of fifth Joint inventor, if any 
Giuseppe GIGLI 



Firms del quinto inventore 
* 



Residenza 



Date 



Fifth Inventor's signature 
Residence 



Cittad in an za 



Recapito o Casella Postale 



NomB completo del sesto coinventore se applicabile 



Dete 

March 22 f 2000 



Wo^V'vW^'^ V ZeCCy - LECCE (I 



Citizenship jj^t^ 



Post Office Address c/o USIVEBS1TA' DI LEgE 



Full name of sixth joint inventor, if eny 



Firm a del sesto >nventore 



Data 



Resldenza 



Cittadinanza 



Recapito o Casella Postal* 



Noma completo del settimo coinventore se applicabile 



Firms del aettimo inventors 



Data 



Sixth Inventor's signature 



Date 



al: 



Residence 



Citizenship 



Post Office Address 



Full name of seventh joint inventor, if any 



Seventh Inventor's signature 



Date 



Rssidenzs 



Cittadinanza 



Recapito o Casella Postals 



Residence 



Citizenship 



Post Office Address 
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